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Hormonally Active Women Tolerate Shock-Trauma Better
Than Do Men

A Prospective Study of Over 4000 Trauma Patients

Edwin A. Deitch, MD, David H. Livingston, MD, Robert F. Lavery, MA, Sean F. Monaghan, MD,
Advaith Bongu, BS, and George W. Machiedo, MD

Objective: To test the hypothesis that comparably injured women,
especially those in the hormonally active age groups, would mani-
fest a better preserved hemodynamic response and tissue perfusion
after major trauma than do men.

Summary Background Data: The notion that premenopausal
women are more resistant than men to shock and trauma has been
shown in numerous preclinical models. However, human studies on
the effects of gender on outcome after shock-trauma are less clear,
and none has examined the effect of gender on the immediate
postinjury response to major trauma.

Methods: Prospective series of all patients at a Level I trauma
center from January 2000 to December 2005. Study patients were all
patients arriving to the trauma area of the emergency department and
having a serum lactate drawn within 30 minutes of arrival. Demo-
graphic data, injury severity indices, blood utilization, and lactate
levels were recorded. Lactate was used as a marker of the hemody-
namic response to injury, because it has been shown to be an
excellent and accurate indicator of inadequate tissue perfusion.
Results: A total of 5192 patients were eligible for the study of which
4106 fulfilled the study requirements and were enrolled. Initial
serum lactate levels were significantly lower in premenopausal (age
14—44) and perimenopausal (age 45-54) women than in men of the
same age groups (P < 0.001), even though the Injury Severity Score
of the women was significantly higher than that of the men (24 vs.
18; P < 0.1). When patients were stratified into major injury groups
as well as groups receiving blood transfusions, the premenopausal
women were also found to have lower initial serum lactate levels
and receive less blood, while having a greater magnitude of injury as
reflected in their Injury Severity Score.

Conclusion: The data firmly establishes a proof of principle that
hormonally active human women have a better physiologic response
to similar degrees of shock and trauma than do their male counter-
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parts. These gender-based differences should be taken into account
in designing studies evaluating the response to shock-trauma.

(Ann Surg 2007;246: 447-455)

merging data describes a sexual dimorphism in the re-

sponse to major injury or sepsis with differences demon-
strated in immune function as well as susceptibility to organ
injury and infection.' These differences have been attributed
to sex hormones, with the female sex hormone estradiol
conferring protection and the male sex hormone testosterone
increasing susceptibility to injury.'? Although some epide-
miologic studies suggest that women survive sepsis better
than men,’ the notion that gender might influence the clinical
outcome after trauma or sepsis was largely ignored until
experimental studies from Dr. Chaudry’s laboratory docu-
mented that sex hormones modulate the immune response to
shock and sepsis as well as improve survival.? Since then,
multiple clinical studies have seemed evaluating the influence
of gender on survival, the development of organ failure, or
infection after major trauma.* '* Although the results of these
epidemiologic trauma studies vary, with some showing gen-
der-based benefits and others showing no differences between
the sexes, certain general trends seem to exist. First, there
seems to be a trend toward increased survival for younger
(premenopausal) women which seems to be present only in
women with more severe injuries.”*'? Additionally, several
of the studies indicate that the incidence of posttraumatic
infection and the multiple organ dysfunction syndrome
(MODS) is less in the younger premenopausal female popu-
lation suggesting that the reduced incidence of MODS may,
at least in part, contribute to the lower mortality rate ob-
served.

In light of emerging clinical studies and the work of
Chaudry, we began experimental studies testing the basic
hypothesis that female rats would be more resistant to acute
trauma-hemorrhagic shock-induced gut and lung injury than
would male rats." These gender studies confirmed that it is
not only being female that is protective, but that the protec-
tion is related to the hormonal status of the rat at the time of
injury. That is, the resistance to trauma-hemorrhage-induced

447

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Deitch et al

Annals of Surgery ® Volume 246, Number 3, September 2007

organ injury varies over the estrus cycle with maximal pro-
tection during the proestrus and estrus stages of the cycle
when estrogen levels are highest.'> Conversely, rats at the
diestrus stage of the cycle, when sex hormones are lowest,
demonstrate a degree of gut and lung injury that nearly
approaches that of male rats.> Thus, experimentally, there
seems to be a clear, graded response to trauma-hemorrhage-
induced organ injury that is related to the hormonal status of
the rat at the time of injury. Given this rodent data, we believe
that the results of the human studies become a little easier to
interpret. Firstly, because the benefit of being female seems to
exist primarily in the reproductive years, studies examining
gender dimorphism to injury need to segregate hormonally
active female patients as the potential cohort most likely to
have a beneficial outcome. Additionally, it is important to
recognize that hormonal status is severely altered following
critical injury and illness.'®!” For example, Woolf et al have
shown that estradiol levels in hormonally active women
decreased markedly after injury,'® with postinjury estrogen
levels approaching those seen in control postmenopausal
women. This observation that female sex hormones decrease
markedly over the first several days after a major injury
would suggest that the maximal benefit to being female
would primarily exist during the initial injury period. Conse-
quently, we believed that studies looking at the effect of
gender on outcome focusing on the immediate postinjury
period would be most likely to identify sex hormone and
gender-related differences in outcome. Thus, in the current
study, we examined gender dimorphism in the early response
to injury, as reflected by plasma lactate levels obtained within
30 minutes of hospital arrival as well as the need for early
postinjury blood transfusions. Serum lactate levels were cho-
sen as a marker of the hemodynamic response to injury,
because serum lactate has been shown to be an excellent
marker of inadequate tissue perfusion as well as a prognostic
factor.'*2°

PATIENTS AND METHODS
Study Design

On the basis of our gender-based rodent studies,' we
hypothesized that premenopausal women would manifest less
of an initial physiologically deleterious hemodynamic re-
sponse to trauma and shock than would male trauma patients,
as reflected in plasma lactate levels obtained shortly after
trauma. We also hypothesized that a relative resistance to the
adverse hemodynamic consequences of trauma and shock
would be manifest as a lesser need for blood transfusions in
the premenopausal women than in the men when matched for
the magnitude of the injury. Thus, the 2 primary outcome
variables of the study were the initial lactate levels and blood
transfusions. The study was not intended nor powered to
evaluate survival differences between the groups, although
this data was retrieved from our trauma registry data bank.
The study was approved by the Institutional Review Board of
UMDNJ—New Jersey Medical School.

From January 2000 to December 2005 serum lactate
levels were drawn within 30 minutes of arrival to the trauma
area of the emergency department on all trauma patients
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FIGURE 1. Summary of patient population and enrollment.

No Lactate Drawn

believed to require admission to our Level I trauma center.
Initial data collected included demographics, body mass in-
dex (BMI), arrival Glasgow Coma Score, vital signs, and
lactate levels, and subsequent data collected included blood
products administered as well as injury severity score and
maximum AIS severity by region plus hospital disposition.
Exclusion criteria consisted of patients admitted with drown-
ing, hanging or isolated spinal cord injuries as well as
burn/inhalation injuries in the absence of major trauma. As
shown in Figure 1, of the 16,617 patients who were seen in
the trauma admitting area of the emergency department, 5192
were eligible for inclusion in the study. Of these patients
1086 were excluded due to failure to obtain a serum lactate
level or the lactate level was drawn >30 minutes after arrival.
Thus, 4106 patients were enrolled.

To further evaluate the lactate response a subgroup of
patients with major injuries were evaluated. Patients were
defined as having major injuries if they met the following
criteria: (1) presence of major abdominal injuries with AIS of
4 or 5 or =2 AIS 3 injuries or penetrating injury with major
blood loss, (2) =2 long bone fractures, complex pelvic
fracture, flail chest and/or major vascular injury, (3) ISS =26
or (4) 3 or more injuries in a single body region with an AIS
=3. This major injury subgroup consisted of 880 patients and
represented approximately 21% of the 4106 enrolled patients.

Because older patients make less lactate'® and evidence
less of a base deficit®' following comparable injuries when
compared with younger individuals and that sex hormonal
status varies based on age, we examined the data with respect
to the following age groups: prepubescent (age <14 years),
hormonally active or premenopausal (ages 14—44 years),
perimenopausal in which hormonal status may be unclear
(ages 45-54 years), and postmenopausal (age =55 years).

Statistics

Statistical tests were done using Analyze-it (version
1.68, Analyze-It Software, Leeds, England) and SPSS (ver-
sion 14.0, SPSS, Chicago, IL). Univariate analysis was per-
formed on the data with means (*sp) or percent reported.
Ninety-five percent confidence intervals (95% CI) are given
for continuous data for multivariate comparisons. Bivariate
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and multivariate analyses included contingency statistics (x?,
Kruskal-Walis) for categorical or nominal data and Student 7
test or analysis of variance (ANOVA) for continuous data.
Actual significance values are reported. Appropriate diag-
noses were done on the data and suitable transformations
were done when necessary.

The first step in the analysis involved exploring the
potential confounding effect of body mass (using BMI) on
lactate production. A General Linear Model (GLM) analysis
of covariance (ANCOVA) was done using lactate as the
dependent, age and gender as the independents, and BMI as
the covariate. The next steps involved running GLM
ANOVA models for age and gender on initial lactate first for
the entire data set and then for patients with major injury.
This was followed by an exploration of lactate clearance in
the first 24 hours (n = 462), employing a repeated measures
ANOVA using sex and the age groups defined above. Pro-
vided an overall significant effect was found in the ANOVA
as derived, Tukey’s significant difference test was used for
multiple comparisons with P < 0.05 being considered sig-
nificant.

RESULTS

During this time period, there were 16,617 trauma
activations generating 5192 eligible patients of whom 4106
were enrolled into the study (Fig. 1). The demographics of
the 4106 patients are shown in Table 1. As expected most of
the patients were men (80%) and blunt trauma (70%) was the
most common mechanism of injury. The enrolled patients
had a relatively high ISS (17 £ 12) which is reflected in 1285
of the 4106 patients (31%) going from the admitting area
directly to the operating room. The total mortality rate was
10% (n = 403) with 57 patients dying in the trauma admitting
area of the emergency department.

The mean and 95% confidence limits (CI) of the lactate
levels for the entire cohort were significantly different be-

TABLE 1. Demographics of 4106 Patients

Race (%) 25 white; 50 black; 25 Hispanic; 1 Asian/other
Gender (%) 80 male; 20 female

Age (yr) 37 =18

Mechanism (%) 70 blunt; 27 penetrating; 3 other

GCS 13+4

ISS 17 =12

Data expressed as mean * sd.

tween men (3.7 meq/L; Clys 3.62-3.85) and women (2.8
meq/L; Clys 2.67-2.99) (P < 0.001). When stratified by age,
the differences in lactate levels between the men and women
were only observed in the premenopausal age and perimeno-
pausal age groups (Table 2). Thus, there was no difference in
initial lactate levels in patients younger than 14 or older than
55 years. Although the initial lactate levels were higher in the
men, one concern was that the larger overall body size and
muscle mass of the men, irrespective of injury, could result in
higher lactate levels. To account for this potentially con-
founding variable, heights and weights were recorded on
all patients and BMI was calculated. The results of the
ANCOVA found no significant effect for BMI on lactate
(F = 0.75; P = 0.39). Thus, it is unlikely that size and
muscle mass alone account for the gender-related differ-
ences observed. Furthermore, the magnitude of injury, as
reflected by the ISS (mean * sp), was greater in the
premenopausal women (24 = 13) than in men (18 = 13) of
the same age (P < 0.01). Another indication of hemody-
namic stability is the need for blood transfusions. Al-
though a similar percentage female versus male patients
required blood transfusion in the first 24 hours after trauma
(17% vs. 16%) as well as during their hospital course (31%
vs. 27%), the women received fewer units of blood than
did the men at both time points. This was true even though
the transfused female patient subgroup had a greater de-
gree of injury as reflected by a higher ISS (Fig. 2).

Blood Transfusion Requirements In All Patients

—
ISS + Y
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FIGURE 2. Women received less blood both during the ini-
tial 24 hour postinjury period as well as during their hospital
course even though they had a higher ISS. *P < 0.01.

TABLE 2. Comparison of Lactate Levels in 4106 Patients Stratified by

Age and Gender

Age (yr) N (M:F) All Patients Men Women
<14 118 (82:36) 2.8(2.3-34) 2.9 (2.2-3.5) 2.8 (1.9-3.6)
14-44 2851 (2408:443) 3.7 (3.6-3.8) 3.5(3.74.0) 2.4 (2.6-3.1)*
45-54 433 (344:89) 3.5(3.2-3.7) 3.6 (3.3-3.9) 3.0 (2.5-3.6)*
=55 704 (459:245) 2.9(2.7-3.1) 3.0 (2.8-3.3) 2.7(2.4-3.0)

*P < 0.0001 versus men of that age group by ANOVA.
Data expressed as means = 95% confidence intervals (Clys).
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Lactate Clearance
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FIGURE 3. Twenty-four lactate clearance in 462 patients
showing that males clear their lactates such that their levels
become comparable to women. Data expressed as mean
with 95% confidence intervals.

Because lactate clearance is an important prognostic
factor,”> we next examined whether there was a gender
difference in lactate clearance over the first 24-hour hospital
period in the 460 patients who had serial plasma lactate levels
measured. As can be seen in Figure 3, although the men had
higher initial lactate levels than did women, the men rapidly
cleared their lactate and within 8 to 16 hours the levels were
comparable between the genders.

Because differences in the incidence of shock or the
severity of injury between the gender groups could also
account for lactate differences, we further analyzed the data
for patients with major injuries. The major injury group
included 880 patients older than 14 years and comprised 21%
of the enrolled study group. Of these patients, 73% were male
and 27% were female. In this major injury group, men also
had higher initial lactate levels (mean 5.3 meq/L; Clys 5.0—
6.6) versus women (mean 4.2 meq/L; Clys 3.6-4.7) (P <
0.001). When this patient subpopulation was stratified by age
and gender, initial lactate levels were lower in the women
than in the men in 14 to 44 age group (Table 3) even though
the ISS of the women in this group was higher than that of the
men (33 = 13 vs. 30 = 13; P = 0.02). The total number of
blood transfusions was also less in the premenopausal women
when compared with men (Fig. 4) even though the percentage
of women receiving blood transfusions in the first 24 hours
after trauma was similar to their male cohort population (31%

Blood Transfusion Requirements In Patients With Major Trauma
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FIGURE 4. Women sustaining major trauma received less
blood both during the initial 24 hour postinjury period (P =
0.24) as well as during their hospital course even though
they had a higher ISS. *P < 0.01.

vs. 30%) as was the total number of patients transfused (66%
vs. 63%). Although the initial lactate levels were lower in the
premenopausal patients with major injuries and they received
less blood, the ISS of the transfused women was higher than
that of the men (Fig. 4). However, there was no difference in
mortality between the male (17.6%) and female (18.6%)
patients.

DISCUSSION

The major observation of this study is that gender has
a significant effect on the response to trauma with women in
the premenopausal and perimenopausal age groups having a
reduced initial lactate response to their injury when compared
with their male counterparts. This gender difference in lactate
levels was not related to injury severity, BMI, or degree of
shock. The decision to use initial lactate levels as an indicator
of the body’s response to injury and shock is based on the
physiologic concept that increased lactate levels early after
injury and shock states reflect tissue hypoxia and is a better
marker of the adequacy of tissue oxygen delivery and hemo-
dynamic status than is the blood pressure.?* In fact, elevated
lactate levels and the rate at which they resolve have been
shown to have strong prognostic values in the initial evalu-
ation of both trauma and sepsis patients.'*?*?* This associ-
ation between elevations in serum lactate levels and outcome
indicate that a major component of the initial insult in shock
and trauma is a failure of the circulatory system to deliver

TABLE 3. Comparison of Lactate Levels in 880 Patients With Major

Injuries Stratified by Age and Gender

Age (yr) N (M:F) All Patients Men Women
14-44 644 (558:86) 4.9 (4.5-54) 5.4 (5.1-5.8) 4.5 (3.9-5.3)*
45-54 88 (24:64) 4.8 (3.9-5.8) 5.2(4.2-6.2) 4.5 (2.8-6.1)
=55 148 (59:89) 4.2 (3.5-4.9) 4.8 (3.94.6) 3.6 (2.64.7)*

*P < 0.05 versus men of that age group.

Data expressed as means = 95% confidence intervals (Clys).
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adequate oxygen to the tissues. In this context, lactate levels
reflect lactate production, because lactate produced in cells
diffuses passively across the cell membrane into the blood
along a concentration gradient. Thus, the lesser degree of
lactate production in the pre- and perimenopausal women
after trauma indicates that these female patients are better
able to maintain hemodynamic homeostasis and deliver ox-
ygen to their tissues than are men. As such, these results
support the general concept that women of these age groups
adapt better to the initial and early physiologic stresses of
trauma and shock than do men. This notion was further
supported by the reduced need for blood transfusions in the
female patients.

By prospectively assessing the initial response to
trauma, this study differs from other epidemiologic studies
investigating the question of whether a gender dimorphism
exits in response to trauma between men and women. With
the exception of the study by McKinley et al,*® the other
trauma studies have focused on later events in the hospital
course of these patients.* '* Although in the aggregate these
trauma studies support the general thesis that women have
improved outcomes compared with men, they do have some
limitations. For example, one limitation of many of these
studies is that they have not segregated patients by age and
hence potential hormonal status thereby resulting in the
mixing of premenopausal, perimenopausal, and postmeno-
pausal patients.>®!"!* Nonetheless, several studies that did
stratify patients by age and injury severity did find a gender-
based survival advantage for premenopausal women with ISS
>15,712 and others documented a reduced incidence of
sepsis and MODS.*>-210:11.13.14 Ajthough our study was not
designed or powered to assess survival, the observation that
pre- and perimenopausal women manifest less tissue hypo-
perfusion after trauma than do men could help explain the
improved outcomes reported in the literature.

Recognizing that women, especially hormonally active
premenopausal women, have improved outcomes, an impor-
tant issue becomes the ability to translate this epidemiologic
information into clinically possible therapeutic approaches.
The accomplishment of this goal requires an understanding of
the mechanisms by which sex hormones modulate the re-
sponse to shock and trauma. Because sex hormone levels
have been shown to rapidly change in both male and female
patients after injury, sepsis, or stress,'”'%2¢"2% we believe
that their modulatory effects are maximal at the time of injury
and decrease over time. For example, testosterone levels have
been documented to decrease by about 50% within 24 hours
in critically ill men'®~*® as well as in men with severe sepsis,
septic or circulatory shock,'”?® while estrogen levels are
increasing in these critically ill men.'”-*® In contrast to men,
there is little data on the effect of injury, stress, or sepsis on
sex hormone levels in women. However, there is some data
indicating that estrogen levels increase in postmenopausal
women with severe sepsis, septic or circulatory shock just as
observed in men.'” Thus, although human data is limited, it
seems that sex hormones rapidly change in stressed and septic
patients with testosterone decreasing in men and estrogens
increasing in men and postmenopausal women. Consistent

© 2007 Lippincott Williams & Wilkins

with this notion is a study of a mixed group of septic patients
with a mean age of 55 years, in which sepsis-induced changes
in both testosterone and estrogens occurred such that by day
7 the levels of these sex hormones were similar between the
2 genders.?® Based on this data, it is tempting to speculate
that the observed decreases in testosterone and increases in
estrogens reflect a physiologic adaptive response to severe
stress or sepsis. Testing this notion will require further studies
in which sex hormone levels are initially and serially mea-
sured and correlated with outcome.

The concept that elevating estrogen levels and decreas-
ing testosterone may be beneficial is supported by a large
amount of preclinical animal data. For example, the greatest
resistance of female animals to organ injury after trauma-
hemorrhage is during the periods of the estrus cycle in which
estradiol levels are the highest.'> Furthermore, animal studies
of shock and sepsis have shown that the administration of
estrogen or testosterone depletion and blockade is protective
in men, while estrogen depletion or blockade is deleterious in
women.” Thus, preclinical animal models indicate that both
estradiol and testosterone are important modulators of out-
come and that their levels at the time of injury or sepsis are
the key determinants of outcome. Our results showing that
initial lactate levels are lower in pre and perimenopausal
female trauma patients complement these animal studies.
Additionally, the clinical study by McKinley et al*®> showing
that women sustaining major trauma had a better early car-
diovascular and hemodynamic response to volume resuscita-
tion than did comparably injured male patients also is con-
sistent with the notion that the level of sex hormones at the time
of injury is important. Our current results also fit with a large
body of human nontrauma data showing that gender influences
the cardiovascular system under conditions of stress.>”

Insights into the potential mechanisms by which sex
hormones might modulate the initial and early responses to
trauma and shock come from animal studies. These animal
studies document that proestrus female rats, in which estra-
diol levels are high, are largely protected from the deleterious
effects of trauma-hemorrhage on cardiac and hepatic func-
tion®'*? as well as gut and lung injury.'>3* The relative
resistance of female rats, as opposed to male rats, seems to
involve both the protective effect of estradiol and the delete-
rious effects of testosterone. One potential explanation for the
lesser incidence and magnitude of early organ injury and
dysfunction in the female rats as opposed to male rats
subjected to trauma-hemorrhage is that cardiac function and
organ blood flow is better preserved in the female animals
during the postshock and resuscitative period.** Our unpub-
lished animal studies show that female rats maintain cardiac
output and organ blood flow better than do male rats even
during the shock period and that this preservation of cardiac
output and organ blood flow is associated with less of a
vasoconstrictive response to trauma-hemorrhage. The exper-
imental observations that the cardiovascular and hemody-
namic responses differ between male and female animals are
consistent with in vitro and in vivo studies investigating the
vasoactive properties of estradiol and testosterone. For exam-
ple, estradiol has been found to promote vasodilation through
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a number of mechanisms including upregulating the vasodi-
lators cNOS and carbon monoxide®®> as well as by opposing
or inhibiting the actions of several vasoconstrictor molecules
including a-adrenergic agents, thromboxene A2 and endothe-
1in.3°73% In contrast, testosterone has been shown to have
myocardial depressant activities®> as well as to promote
vasoconstriction by increasing thromboxane A2 production®”
and potentiating the renin-angiotensin response.*® Thus, it is
likely that the vasoactive properties of estradiol and testos-
terone are involved in differentially modulating the hemody-
namic and vasoactive responses that occur during the initial
and early posttrauma period and could therefore potentially
account for the gender differences in lactate levels observed
in the current study.

When one considers the possibility that a lesser lactate
response reflects better tissue perfusion and a better preserved
hemodynamic state, then the question arises of how might
this beneficial hemodynamic state be transduced into im-
proved clinical outcomes. Because tissue ischemia is a pro-
found inducer of an augmented immunoinflammatory re-
sponse,*!' one possibility is that by decreasing the magnitude
of tissue ischemia, female sex hormones limit the extent of
the posttrauma inflammatory response and preserve a more
normal immunoinflammatory state. This possibility is sup-
ported by the observation that the magnitude of the trauma-
hemorrhage-induced immunoinflammatory response is sig-
nificantly greater in male animals than in female animals and
that this response is modulated by sex hormones.**** Fur-
thermore, having a more normal and less stimulated initial
posttrauma immunoinflammatory response would reduce the
likelihood of a second posttrauma insult inducing an uncon-
trolled immunoinflammatory response, the so-called 2-hit
phenomenon.*! A second possibility is that by better preserv-
ing tissue and organ blood flow, especially to the gut, organ
function would be better maintained. The prevention of
splanchnic hypoperfusion and gut ischemia may be espe-
cially important, because rodent,' porcine,***> and even
primate*®*’ studies document that early posttrauma-hemor-
rhage-induced organ injury and inflammation is mediated by
proinflammatory and tissue-injurious factors released by the
ischemic gut into the intestinal lymphatics.

In summary, the current study documenting a gender
difference in the initial response to shock-trauma provides
potential insights into the mechanisms by which sex hor-
mones might influence the clinical outcome. Further stud-
ies investigating specific outcome variables as well as
stratifying patients by initial and serial sex hormone levels
as well as age and magnitude of injury will be necessary to fully
determine the role of sex hormones as modulators of the inci-
dence of complications and death after major trauma.
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Discussions

Dr. B. Davip Hoyt (BurBank, CaLirornia): The ques-
tion of whether sexual dimorphism exists in the inflammatory
response following trauma is accepted in animal models.
Receptor mediated signal transduction through the estrogen
receptor protects against post-injury organ failure and mor-
tality. It has been shown that following hemorrhage, sepsis or
other forms of trauma, this response is the same. Recent
studies even suggest that following profound hemorrhage, its
protective effect is accompanied by metabolic down regula-
tion of ATP production, a form of suspended animation, if
you will.

The problem has been in showing this in clinical
studies. Several large analyses, including one of our own,
have come to different conclusions as to whether this is a
clinically relevant phenomenon. The NIH-sponsored Resus-
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citation Outcomes Consortium currently has a pre hospital
trial under consideration.

The present study is well designed and attempts to
control for the degree of injury and uses age as a surrogate for
estrogen status. It finds that there is a significant but modest
effect in lactic acidosis in patients who are presumed to be
hormonally active. This is accompanied by a significant
increase in red cell transfusion. We have no data on outcome
analysis for multiple organ failure, but mortality was not
different.

This really questions the importance of the lactate
difference of 1.1 milli equivalents if I read the manuscript
correctly in the group as whole and only 0.9 milli equivalents
in the sickest group. This could simply be a sex difference in
lactate metabolism unrelated to estrogen. This leads me to
several questions.

First, do you think this difference is clinically signifi-
cant? And if so, in what regard?

Second, is the transfusion difference seen in the fe-
males accompanied by an increased incidence of trauma?
Since this was a prospective trial, did you collect data on the
time point of each patient in their estrogen cycle? Could we
be missing a more profound effect if you had a subgroup
analysis that was definitely under the effects of estrogen?

Are you comfortable with the technique of inquiry
matching? Was this adequate, to account for confounding
effects between age groups for the more severely injured
patients? The number of patients in some of these groups is
really quite small.

And finally, Dr. Deitch, do you carry birth control pills
in your Lexus in the event that you are severely injured?

Dr. EpwiN A. DerrcH (NEWARK, NEW JERSEY): Thank you,
Dr. Hoyt. Let me begin by lumping 2 of your questions together.
And that is in the matching of the patient groups and the
question of whether the differences are clinically significant.

The questions that we asked pre-study were related to
lactate levels and need for transfusions. We did not plan for
outcome studies and did not use clinical nurses to collect
outcome data.

But like all good surgeons, we tortured and manipu-
lated the data in our trauma registry. And in fact, if we do
look at that data and compare the sickest patients, we do find
differences. That is, the females have more ventilator free
days, they tend to have significantly less organ failure and
sepsis. There was no difference in mortality.

We, however, or at least I, decided not to put this data
in the manuscript because I think it remains speculative.
Trauma registries have their problems, and what I would like
to do is go forward with a more focused study looking at
better defined populations, obtain sex hormone levels, and
know that what we write is really going to be correct and
maybe not add something to the literature that may not be
fully true.
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Your other question about would I take birth control
pills. I think trauma surgeons will probably save more lives if
they keep their testicles and testosterone intact than if they
were to chemically lower it.

Dr. FreDERICK A. MooRE (Houston, TExAs): Your data
is fairly consistent with a study we published several years
ago in which we resuscitated major torso trauma patients who
arrived in shock with a computerized protocol. We showed
that females responded much better than males to a series of
interventions that were aimed to optimize cardiac output. Our
typical patient arrived in the ICU about 6 hours after trauma
center admission after undergoing a hemorrhage control in-
tervention. These patients arrive in the ICU vasoconstricted,
anemic and with low cardiac outputs. A good response is
characterized by a brisk decrease in systemic vascular resis-
tance with a corresponding increase in cardiac output to fairly
modest volume loading and blood transfusion. Can you
comment on how sex hormones might modulate that re-
sponse?

The second question concerns acute traumatic coagu-
lopathy. It is becoming increasingly apparent that more se-
verely injured torso trauma patients bleed more because their
coagulation system is activated by the associated tissue in-
jury. Do you have any idea if there was a difference in the
early INRs between the male and female patients?

Dr. EpwiN A. DertcH (NEWARK, NEW JERSEY): Let me
answer your last question first. We do not have any data on
coagulopathy. I am sure if I go back to the charts we can, in
fact, look at INR and begin to answer that question, and it is
something that we should do.

Your first question is to me a very important ques-
tion. In doing the study, one of the most important things
to understand is, if gender or sex or hormones do affect
outcome, what is the mechanism? Sex hormones have been
shown to have a number of different effects, and I believe
that their cardiovascular effects are most important. So in
terms of cardiac function and in terms of micro-vascular
perfusion, it is very clear that estrogen tends to be a
vasodilator and cardio-protectant. It does this through a
number of different means such as an increasing vasodi-
lator factors such as nitric oxide or carbon monoxide and
opposing vasoconstrictors. On the other hand, testosterone
is a myocardial depressant, and also appears to increase
vasoconstrictive systems thereby making tissue perfusion
worse in the stress phase. So our working mechanistic
hypothesis is that estrogen protects because of its benefi-
cial efforts on the vascular system and we will go back and
forth between the patient and the animal laboratory to
validate this notion.

Dr. DonaLp E. Fry (CHicaGo, ILLmvors): I think one of
the issues we can lay to rest is that it is probably not the
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mitochondria that are responsible for this since they all came
from women to begin with.

Secondly, you did present in the manuscript data that
index to lactate to BMI, and so I think adipose tissue level of
estradiol synthesis is clearly not an issue at all.

The early response reflects an enhancement or ampli-
fication of the acute hyper response to inflammation. That is
to say, it would appear that the males experienced enhanced
perhaps vasodilatation, an enhanced shock state, enhanced
acute blood loss. And it raises the issue that has been raised
and discussed by others as to whether there are different
models, different mechanisms that modulate or dampen our
acute inflammatory response. Kevin Tracy has talked about
inflammatory reflux. So what you are raising now are issues
as to whether there are hormonal modulators.

Although I think this begs the question, is it estradiol or
estrogens at all? Are there other hormonal differences that
can be identified between the pre-menopausal female and the
male that may address it? For example, is there a difference
in 17 hydroxy steroid released under issues of stress between
men and women that may potentially address the differences
and that this may not be sex-linked hormones at all.

Finally, for a difference to be significant, it has to have
significance relative to the outcome. And the data that you
have presented really does not show a difference in the
phenotype of the proposed genotypic differences that you are
hypothesizing.

You have indicated that there were no organ failure
differences. Were there any differences even in the incidence
of infection? Were there white count differences? Were there
early fever response differences between the male and the
female? C-reactive protein would be an interesting indicator
of acute inflammatory response.

It is very interesting data, but the question of its clinical
relevance I still believe remains to be answered.

Dr. EpwiN A. DEiTcH (NEWARK, NEW JERSEY): In answer
to your question, is there clinical relevance? As I mentioned
to Dr. Hoyt, if we do sufficient data manipulation, we could
have shown outcome differences in this paper using multiple
subgroup analysis, I thought that this type of post analysis
would be unfair, since the study was not designed to address
these outcomes.

Dr. CHarLEs E. Lucas (DeTroiT, MicHIGAN): When we
looked at a group of over 600 patients who received an
average of 14 transfusions and a minimum of 8 units during
the first 8 hours, we identified that female gender had a
negative effect on outcome, namely survival. We assumed
that this was due to the fact that a number of blood transfu-
sions to an average size 55 kilo woman versus 70 kilo man
were relatively greater in the woman.

When we looked at another group of patients who had
severe blunt chest injury with multiple rib fractures, we also
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identified that female gender was associated with a higher
injury severity score and a worse outcome. And we assumed
that this was due to the fact that equal force on a 55 kilogram
person would cause worse injury than that seen in a 70
kilogram person.

We did not break it down by age, but 90% of our
patients, male or female, were between the ages of 15 and 45.
I have one question.

Based on one of your slides, you had a large group of
patients with lactate levels measured in the emergency de-
partment but who died in the emergency department and are
reported in the final analyses. What was the gender break-
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down of those patients? What was the gender difference in
the patients with lactate levels in the emergency department
that died in the emergency department so you could not
follow them?

Dr. EpwiN A. DEItcH (NEWARK, NEW JERSEY): That is an
excellent question. What I can tell you is that 55% of the
females who died, died within 24 hours, and only about 40%
of the males who died, died within 24 hours. We are going
back to look at this data because we think there may be more
severe injuries in the females that died, or they may have a
distribution of injuries that could affect the outcome.
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